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1. Introduction
It is essential for each UE to accurately feed back the control information such as CQI and PMI with sufficiently fine time and frequency granularity. At the same time, it is also important to keep the UL feedback overhead for CQI feedback to a minimum. But it is difficult to satisfy all of them, and many schemes are proposed and discussed to overcome the problems in 3GPP LTE [2-8].
In this document, we will consider the problem focused on frequency granularity of control information. Especially we will discuss proper frequency granularity of the CQI and PMI in terms of throughput and feedback overhead in CL-MIMO.
2. Frequency granularity of CQI and PMI feedback.
CQI frequency granularity is an important factor to system performance and overhead. And in CL-MIMO, it is necessary to report not only CQI and also PMI and RI. But the current working assumption requires a single rank feedback over the entire system bandwidth. Therefore now we consider the frequency granularity of CQI and PMI at the same time.
The simulation assumptions are shown in table 1 below.

Table 1. System level simulation assumptions

	System Level Simulation Setup
	Channel
	BW
	5MHz (24RBs)

	
	
	Channel Model
	TU

	
	
	Mobile Speed
	3km/h

	
	MIMO
	Antenna 
	2X2 / 4X2

	
	
	Correlation
	0

	
	
	Rank
	Adaptive

	
	
	Precoding
	2Tx: as in TS36.211 [12]

4Tx: HH Transform based in [13]

	
	AMC
	MCS level
	4bits (16 level)

	
	
	Target FER
	10%

	
	Simulation Environment
	#user/sector
	5 / 30

	
	
	Time & drop
	1000 ms, 200 drops

	UE

Feedback
	CQI generation
	Scheme
	Best-M

	
	
	M
	2

	
	Freq

granularity

[RB]
	CQI
	3 / 6RBs

	
	
	PMI
	3/ 6 / WB(whole band)

	
	
	RI
	24 RBs

	
	Time granularity

[TTI]
	CQI
	Value
	6 TTIs

	
	
	
	Index
	6 TTIs

	
	
	PMI
	12 TTIs

	
	
	RI
	24 TTIs


Table 2 shows the simulation result on frequency granularity. We use the Best-2 algorithm as the CQI generation scheme because the performance loss of Best-2 compared to Full or Best-4 algorithm is marginal as shown in Appendix A.

Table 2. Simulation results on frequency granularity

	CQI gran., (RBs)
	PMI gran. (RBs)
	2X2 MIMO
	4X2 MIMO

	
	
	#user/sector = 5
	#user/sector = 30
	#user/sector = 5
	#user/sector = 30

	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	3
	6
	1.82
	-
	2.28
	-
	2.13
	-
	2.58
	-

	6
	6
	1.86
	-2.2%
	2.20
	3.5%
	2.17
	-1.9%
	2.51
	2.7%

	3
	WB
	1.78
	2.2%
	2.26
	0.9%
	1.93
	9.4%
	2.29
	11.2%


When the PMI granularity is 6 RBs, we compare the performance difference between the CQI granularity of 3 RBs and 6 RBs. While the CQI granularity of 6RB has better performance than that of 3RB in case of 5 users per sector, 3RB granularity for CQI is more profitable in case of 30 users per sector. However, the relative performance difference is slight from -2.2% to 3.5%, therefore the CQI granularity of 6 RBs is recommendable if the feedback overhead is taken into account. When PMI granularity is whole bandwidth and CQI granularity is 3 RBs, the performance loss is more than 10% under 4Tx scheme.
3. conclusions

In this paper, we discuss frequency granularity of CQI and PMI feedback under Best-M scheme for CQI generation. According to the simulation results, it is reasonable to report CQI and PMI feedback with 6 RBs frequency granularity in 5MHz BW and CL-MIMO in terms of throughput and overhead. 
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Appendix A

Table A show the simulation results of CQI reporting scheme when CQI and PMI granularity size (cluster size) are 3RBs. Full CQI reporting means a separate CQI for each RB clusters (3RBs). And Best M CQI reporting means a separate CQI for each of the M best RB clusters. As the result, full, best-4 and best-2 reporting has throughput gap within 3.2%. Therefore we decide to use best-2 reporting in the followed simulation.

Table A. Simulation results on CQI reporting scheme

	CQI gran., reporting schemes (RBs)
	PMI gran. (RBs)
	2X2 MIMO
	4X2 MIMO

	
	
	#user/sector = 5
	#user/sector = 30
	#user/sector = 5
	#user/sector = 30

	
	
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]
	Spectral eff.
	Loss [%]

	3, full
	3
	1.90
	-
	2.32
	-
	2.27
	-
	2.69
	-

	3, Best-4
	3
	1.87
	1.6%
	2.32
	0%
	2.24
	1.3%
	2.69
	0%

	3, Best-2
	3
	1.84
	3.2%
	2.29
	1.3%
	2.23
	1.8%
	2.66
	1.1%


